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(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR LITHIUM SECONDARY BATTERY, AND 
LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material for a lithium secondary battery 
with one discharge potential range, which at that, is 4.5 
V or higher in metal lithium standards. 
SOLUTION: The positive electrode active material 
includes Li, Mn, oxygen, and at least a kind of transition 
metal elements except Mn, Mn having a form valence of 
4 or higher. With this active material, the valence of Mn 
is kept quadrivalent irrespective of charging or 
discharging. Since the valence of Mn does not change at 
the time of charging and discharging, discharge potential 
range around 4 V which would appear by the change of 
the Mn valence from trivalent to quadrivalent does not 
appear. Therefore, a discharge potential range can be set 
at 4.5 V or highs. 
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1 

[»*^ 1 1 Li^ Mnh mmt, Mn £Bfc^fc'> 

[»*3I2] L i by Mn t> Mn SrllftV^fc^ 

<c< it— a^5ii»&M7c*fcSr^. MEM n coflfift; 

(A) tR4. 2V^WMfi (B) t(DS£B/A 

[ff*K4] Lit\ Mn by mmby Mn*|fc^fc* 
ofc»^4BLiS?"e4. 2V^Wftl?t^i 

[lf*^5] ^cSfettBfl^laKBjSafiSt^L iMnz-yMyO* 
C/c/cU MfL Mn«<^< bi>—U(Dm&&m 
Ttm^ y>0) WfSMn0^ffi»^4 W±T 

[Bt*q[6l 3£tt««rw«MI)!a** s L iMn 2 -yMy04 
C/c/cU MIL Mn^i<^<H-l^IMI 
tg*, y>0) -Cfe*}, £>o, fcT*/H*Sc 

[I»*^7] ^mmjOO^la^c^L iMn2-yMy04 
Mil, Mn*|»<^fc< fcfc— *©»»£JR 
tc*. y>0) T?fef9, StTEMncO^ffiStSr^-ra; 

(7-p-y)/(2-y) (fc«U P iL B&Etc* 
M<rcfffi|£-c*>£) <0»*S4£JUi-eib5^4:fr*W»4:-r-5 

y ^ iE«s»ir. 

il 3cftw^j:9 l iTcm^mmA-tzzb^xym 

{bU 0 < a ^ 1 , MIL Mn fcm<'J?t£< b t>— «<Z) 
SS^Rte*, y>0) "CfctK ItuiEM n (OW^MW 
fL 4JW±^&s^t*#«i:i-sy^^A-»:«?fliffl 

[IIM9] llft^L iaMn2- y My04 (fcfcL, a 
IL *tt«^J:!) L i 7c**SKK»Ai--5r ir^Jt !3« 
fbU 0 < a ^ 1 , MIL Mn^^</>/^< — 
*!£&R5ciK, y>0) -cfet), fiufSMn offiJ&tL 89 
R3fctt«^B8feb-r4 0-Cfc5 C £ ^itt^ y 

[ti3t*Il 0] IBjSc^L i a Mii2-yM y 04 (fc/cl, a 
fL mbm^Z*) L i 5c»**ttlB»A-r«wi:^J:9* 
ffcU 0<a^l % MIL Mn^</>^< 4:fc — S<£> 
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»MBS*, y>0) -CfctK BuEMnO^affiJSS: 
TT^it (7-p • y) / (2-y) (fc«U p IL mj 
E5E*M<Z)ffift-efca) 0«S4a±"C*5wtt»l 
ir-TS y A -ft«»ffl jE«?S«Wto 

1] 3cft«HU^*J»l*a^ L iMn2-y-dMy 

04 (fcfcL, MIL Mn**<'>4<tt>-l©I» 
&B5cSf, y>0, d>0) -Cfcfl* ftuEMnO^it* 

*a* 4 y ±-cfc 5 w t t -r s y ^ * a - ^m*^ 

iO [IS*J11 2] ^miftOimm^L iMll2-y-dMy 

04 (TtfcU MIL Mnt|ft<'>i<i:t-l©If 
^JR^Sf, y>0, d>0) "Cab 9, t^o, jSafllig^ 
*t^;M»g-eS>!9, HUiBMn ^^ffiSS^4£JlJbT?fc 

5 c fc t y ^ i> a - nkmmmjEmmmWo 

3] L iMn2- y -dMy 

04 (fcfcL, MIL Mnft|ft</>ft<i:t ) -a©W 
&JRtg*, y>0, d>0) BSflBMnfiOMxtflfi 

(7-p • y) / (2-y-d) ( fc td L . 
pfL Sftf25c*MO<ffijSfeT*>S) <^«:^4J£iLJi-e*>5r: 

[fl#5l4l *1/&#L i aMn2-y-dMy 04 (f:f:U 

a iL ^EfiMKtcJ: 9 L i 7c*^K«Bf Ai"S n fc 9 
ffbt, 0<a^l, Mlt MnS:|»<'>i<H-« 
(Dm&&m7cmy y>0, d>0) T?*f9, tffl5MnCO 
ffilSfL (trE*tt«^Htofe'r4«-e*Sw <t^#m<lr 

[§S*^1 5] fidc^SL i a + x Mn2- y -d-xM y 04, jg^ 
»aS*^e*/U*SS (fc«L, alL 5teSfem(-<t 9 L i 
5c*^K*#Ai--5wt^J:9aEYkU. 0 < a ^ l N x 
30 fi, ^ t*^/^«5tOL i Mn2 04^Mn^fitlCfitt 
SSftEL i 7c*^)jaj5K, MIL MnSrB*<^7i< b — 
i^IMS^i, y>0, d^0) "T?fe<9, fltfEMn 

6] IIjBjcL 1 aMll2-y-i-j-kMyMl iM2j 

M3k04 (fcfcl, alL 3HE»«|j:J:5L i 5£**SK(| 
^At*5^ ^rlcij: «9^bL, 0 < a ^ 1 , MIL MnS: 
t t>-«0»^JR7c3(l % y>0, Ml (12 
%<Dii^ir^ s M2ll3tf<D^7^^V N M3ll4tf(D^7 
^0 i^0, j^O, k > 0 , i -h j > 0 ) -Cfc 

9> BuiaMn officii, ME5c^rS^Bit>e 5 -r4ffiT*fe 

zzb &$?mb-rz> v j^-ikmmmiEmmmmo 

[It^if 1 7 ] 3ESfe«BU^)?0Wj(aj*^L i Mn 
2- y -i-j-kMyMl iM2jM3k04 (7t/cL, MIL Mn 
*rl»</K£< & t>— *£>»»&K5d*, y>0, Mill 
2ffi(7)^^^-^, M2(i3fiO*ftV, M3H4flfiOO 
^7^^V % i^0, j^0, k^O, i -h j > 0 ) r*fe 
«9> miEMnO»a«toS4EJ[±tfc5iil:1Wltt 

s y ^ ^ a jESfsteKo 

50 1 8 ] ^SMmOlOfflfiA^ L i M n 
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3 

2-y-i-j-kMyMl iM2jM3k04 (f;f;L, MIL Mn 
i^O, j^O, k^O, i+j>0) -OJfc 

9] 3fett«tt<©lS)DJI)Jia**SL iMn 
2-y-i-j-k-dMyMl iM2jM3k04 (fc/cl, Mte, M 
n«rBfc<4>fc< 1 1>— S^S^JStc*. y>0, d> 70 
0, Ml f3 2fffiC9 27^;t->\ M2fi3lO*f^ M 
3 It 4-ffiC0*^^">, i > 0, j^O, k^O, i + j 
>0) T'fet), B»BMn«5»a;«ft^4«±-e*6Ci: 

[If*^[2 0] £§J#^L iaMn2-y-i-j-k-dMyMliM 
2jM3k04 (fc/c'L, att, J: 9 L i tgsR 

JiftBHfA-rs^^tcj: 9 2dfbU 0 < a ^ l , Mfi, M 
nSr»<^^C< «co*»^JR5c*. y>0, d> 

0, Ml«2tt©*ft^ M2li3ffi^*ft^ M 

3 (2 4 fl6 i^O, j^0, k^0, i + j 20 
>0) T*fei9, mJlSMn C0^«»S 4 J^±-Cfc 5 ri: 

[lf*3S2 1] ffljSc^L i a + xMll2-y-i-j-k-d-xMyM 

liM2jM3k04 (tztzL. all, %WcM^X V L i tc 
^KfmfA-t-SwfclCjiO^kL, 0 < a ^ 1 , x 
ti\ .^fc^/MSig^L i Mn2 04<DMn(75ffiB(;i{£ei- 

«<93W£&JR7ctf£, y>0, d^O, Mm2fl6<£>*^ 

M2|jC3tt^*f^ M3ii4^ffi0^7^^-> > 
i ^ 0 , j ^ 0 , k ^ 0 , i + j > 0 ) T'h y> , BUBEM 3{? 

[»*«2 2l »#«16, 17, 18, 19, 203o 
^KtC*5V^T, 8&fiB5c*Ml, M2, M3tt, Mn^«t 

[R#:^2 3] S*#^l, 2, 3 £fc{3: 4i:Eioy 
a<0*»A«5c*tt, N i Sr^tfCt 4:«F»fc1-5 y ^ 40 
[M*K2 4] 3**^5*^2 1 ©l/^-ftt*^8B<R^y 

n i &^tpr££#gs[£-rsy ^^^-^sfeffijE^fs 

[ft*S 2 5 ] ft 3fcJg[ i 6 2 l ©v^Jxj&^eiiflD 
y^^A-ftajfeffljESffittWcisi^-c, HuiSTctffMl 
Ni, Cu, Zn*3J:t>*Mg^^ t?^— 3ffi^±COTC 
JfefetK HfJlB7c5RM2t^: > Co, Cr, Fe, B, A 

1, Ga, I nte£tfV<D?h<D—m&L±<D7zmT'$> 50 




4 

Q > I5IS7C*M 3 1*, T i , Si, Ge*5«fctfSn<05 

[»*52 6]»*Sl, 2, 4-2 SG^vfiT^fcUS 

«SrfTofc»*O^JHL i S$t'3. SV^T-co^m^ 
ft (A) ^f^4. 2V$TOMti (B) b<D\k&/ 
A^, o. 9ait*5i <t£«F®:i:i-5 yf>A2» 

[s»*S2 7]»*5l s 2, 3, 5 — 2 503V vfjxa* 

[9*52 8] ff*^l — 2 7 0^-ftl^ i (CfS®(Dy ^ 
[»*S2 9] jE«fS»K£-&tpiEffi£ % y^ 

BulEjE^te, jE*SttKt»«*Ji:*r^tfiEffi-fr»JOBt 
mj|5iEffiSi»W«, L i h Mn^ ^ , Mn£[& 

meiEStt, 3t«*iacm*fi i o*:»frcoAJRL i mm-? 

3. 5VtWMti (A) tP4. 2V^WM 

(B) t (DJ±iB/ A# 5 , 0. 9J^±.T*fe^^ t^r# 

mmmt $r^-u, 

S9l5iEffiffi^K«:, Lit, Mnt, MnSrBft 

4. 2 V*TOSMt***, HufBIES^JcoSftl gfe 
tHl 0mAhH±-C*5rtS:1*att5yf!>A 

[«*5I3 2] Iif*J5 2 9, 3 0lt«3 Klffit^y 
f-^^31»^T, 4. 

i @mco^T*fe^ r t y ^^^-^m^o 

w*93 3] y ^VA-frmmt, Mfey^^A-^ 

mBy^**-R«fcHU iEffifS^Kd^ Li Mn 
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5 

[ft*Ji 3 5 ] m«rR 3 4 tcis^o y *y j^n^m^ 
w\ HuiB^rt^M^oWfsy A-^m^^^ix-e 
[H»*5i3 6] yf^Azsmt, Hufsy^^^n^ 

3 y ^a-^s&^v^— /k, 20 

[1***3 7] 'Jf^AZftlii:, ffjfBy^^A-^ 
Hflffiy ^*A~#:fS«i«: N 1***3 0*fctt3 IKE* 

co y a t tr»«ti-s y 
[s***3 8] y ^*j*-frmm,^i/~-;uzm\,^t-gi 

giFEy ^*A-R«ft-=e^*— 7Uf4, 11*53 3, 3 6 
*5<fcU*3 7COV^^M-E«CO y f^IfttS^v^a 30 

IB f&gb1$ Sr Btt'-f 5 * ^ « A » Sr *i- -5 ««[ a 1ft* 
tfcot, WEfltAWi, y A^lft***^*— /U 

H^y ^^^-RTO^-^a.— /Wi, Stf**3 3, 3 6 
[0 0 0 1] 

[«^©Rt5ftM»] y^^A-^m^, 
km-*-*. 

[0 0 0 2] 




6 

^s. t£*<z>y ^^ix-^m*^iE^(7)fSfee4 IT, 
h»y (LiCo02) ^^y^r^mV "f- 

vj± (LiNi o 2 ) m<om^mt^. 

(LiMn 2 04) X*tt&£*lZ>X¥*/U%kfe&m 

tiffin, Mi«tia^foaii$)^^\ %gt 

S£U-h0. 2C (5B*M*) l-*5^T&JgL i 

3. 8 4^l4VgIffeofc, Z<Dfz£>^ 4V£X±<D 

[0 003] *ie % ^y^y^yf ^i, (l i Mn 

2 CM) fflS:»»^JR7c3(|-eKgli-4^i: 

4. 5 v&±.<D^m$.<nt%W$L (M5Vftl«^^ 

IT, «iffl«l¥9 - 1 4 7 8 6 7*^«|^*5V>T 
12, -jRSLix + »Mn2- y -zMz04 (fiU MltNi, 
C r«4>9»£JR5c*) -C^Sn^y^^AfflAYk^ 

M¥l 1 - 7 3 9 6 2^#-eti > i xMn 

2-y-zMy C rz04 + P (fit, MliN i , Co) 

5 * tr*^* y =f- * ^ -^^u^m^mmitm v^yf- 

i^T, B»*^JSx.4«-tS^ > 4. 5 V^_h(7)Scm^co 
S»J^ s *S^i"4wi:^^p^tLT^4 0 N i T'lft 

>-#>-@£y ^£ A (L i Mn2-xN ix04) 

^ ^ > n ^ % 1 9 9 9^ 

146^ 9 0 81) o 
[0 0 0 4] 

B8fl**ftLJ:5i:t5Wi] LA»Lft*sp,, _hfE# 
1 4 7 8 6 7^«^J:^BB¥1 1-739 

6 2»&*cE*£jh/r^* 1 IMItljftLfcvy 

"^^« y ^ * a * jESfgfe^ arffl^fcyf^iR 

[0 0 0 5] wO±5*2oCDj»*«ffi«S r ^i- 4 5y«f- 
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tz , ra«p^iE«e«ii^ e>ft«ic»o fc y ^ * a <D-en 

[ 0 0 0 6] 3i-*/u*-*«©B8«Sr<»JBi-Sfc 
5 VMlEi^: 4 VjftSmEE«OK#*fijfl3"C» 

[0 0 0 7] *t 5'Vft*WJ£«fc4 *Vft««ffi«35S 

[0 0 0 8] ftlift«^-ot, L*»t, 

-t^>JSrtt«ffl:^AJRL i S*"C4. 5VK±-Cfc5yf 

[ 0 0 0 9] 

fc, *3BW^J:tta, L i fc, Mnt, Mn£ 
[0010] 

[ooii] (^i <omm<oj&m) *&m<nm 1 

(D-^lsjf Vf£ !) (LiMn204) CDMnO — 

*»^*5c*-CBSlLfc«iStf!?*ir-e*)5. dixie <fc 

i S$"C4 V#ifi(OSk««ffi« («T, 4VftS«b> 
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[0 0 12] Mn^^ffli-C|f^tfl:SC4 

^>#>S£y^*^ (LiMn204) OMn^-SP«:I 

Mn<o»SC«fc*5 4a±t/j:5J:5J2:b-cu^. 
10 Mn«Sitt«:, E«HSftlT-e*>5lI^K{k»+(0 
M n SrBfc < 5£*a**<0ft feSffifcJK^frCfc 3 i * > 

Btfk*«aj«t2:iK<5SIHHj:j; U**feixS«ft-C* 

£ 0 vy^ijf^A (LiMii204) (D<t9^-f^ 
v*-frttoBt^k«fc*3t^TW:, *5£* WRSttW-^K fi- 
ts L"iOIR^«4+l, KSI^/S^fliitt 
-2-e*So .tot, ^^^f^Ky>^jU (LiMn 2 

04) m^-cis, u i 1 , mmcDffi+m- 

5a*, IMkttf-CitftSftlR^att, ^2(c.^-Ti:9 
fcWtfe^ Mnt'«:3«H<tt4lt'*5, io 

ft« <om n a«r«-c3E{b S ^ri" le^fd 4 « £ 

30 [0013] 

[*1 ] 





7u39* 


+2 


Mg 


+3 


B. AI.Ga, In 


+4 


Si, Ge, Sn 



40 

[0 0 14] 
[^2] 
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p 
2 





7C^ 


+2 


Ni. Cu. Zn 


+3 


Fe. Co, Cr, V 


+4 


Ti 



[0015] La»L*a*e>, «K#e>^n»^j:tttf, 

v 5 ^fc75S*> So Mtlf, ^^tfi-mv 

f-^J* (LiMn204) c/)Mn?:N it'IM^i^, 
Nill2i (N i 2 + ) -efeS^b, L i Mni.sN io.5 
04 (DmtiLT'M n £>Jf25£fifij»ti: 4 •§& <b: ft So L 
6, Li Mm. 5 N i o. 5 04 OjfiATA 4 V8c®^a$$l 

, HBKOL i Mn 1.5 N i o. 5 CM <£>^ff 'N-tt 3 « 
M n (Dffi%[& 4 ffild f^0 0 

[0 0 1 6l.EJl-hHWUTtfcJ: fRlo^lSSojK 

^ fcT*/M»igr*'>#i'Hty 5="^^ (LiMnzOO c^M 

Mnz-yMyO* (fcfcU MJi, Ni, Fe, Co, C 
u, C r m<Dm&&m7GmVhZ>) -C&o-C, Mn©» 

-(l+y-p-4'2)/(2-y) t*5:^5 

S 0 KSIi-?)*^JR5c*M(7)jBlfiS;y.tt, Md^)IP 
*»ffi(-B8fe^i*4«i.*6«F$^s J: pic, &&&JRtc 

^cmt-J: 0 L i -f^^ffiffi^gioTL i ffl.!&t*'h£ 
<49, JEtftlcSHItSlll^ttL i -rty^jf A*fi 
:Ui«fj:^|</^ 0 iot, 3l|ga>ftfflii*9<ajE 

i^f©aS(i, LiaMn2-yMy04 (fcfcl, 0< 

a ^ 1 , Mft, Ni, Fe, Co, Cu, Cr *£<Dm& 

[0 0 17] MnOMffi^4 £9 h±%<1~ 

ZtztblZlZ^ tf}M&S&<OL iMn2-yMy04(Ifc^T, 

^r^TEi) <7>fcb#, -v^#>-g§y^A (LiMnz 
04) (Oid^-^hT =~ a-lskcDlkT'foZ) 3 : 4 7^<bT 
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^•C#So ZftK-fctK /J^^fMT'MnCO^iiS 

S»WMt'LiMn2-y-dMy04 (7t/c U d 
ii, ^f^yff^ai^^L, d>0T*fcS o M 
ft, Ni, Fe, Co, Cu, C r *©M££«5c«-e 

j&WKojfw^aartioiftrttt, l i j*^(omm a 

^%SLt, L i aMn2-y-dMy04 (fc/cL, 0<3^ 

1 , d > 0 , MIS, Ni, Fe, Co, Cu, Cr *f<D 

[0 0 18] »»&«5cSlMi: LTte, N i 

£ LV\, ^iM^rN i t Lfc»£\ N i te, ^c^l-N 
i 2 + ^bNi 3+ ^ItNi 4 ^BbU jftm^MNi 4 * 

20 trfeSfctf), N i ^^-rSfettBffitteff— ^T*fe9 , L 

, -t ^Sk«:«ffi«# 5 v fe s t v > 5 filjfta* 

[0019] 4fc, ^tf*/i«i-7y^yB!if!irA 
(LiMn 2 04) m Mn(0-«P&Li tffttS: 
4: Cfr^fiifflU _hEiE«Jg«lt<0 L iaM 

nz-y-dMy04 (d ^ 0) OMn(Z)-^^Lii:l^t 
Sw^^T#, Ctf)*^ MUL i a + xMn2-y-d-xM 
30 y04 (d>0) tm-tZt&X^ Z 0 wwT% xft M 
n ^Iftt/cL i C0S^i" o ^t'^Mnj&^^tf^tifc 
V^$J± (LiMn2 04) tC&^T, Mn^Iil/cL 

S^-tSa fc*ft«te**Lftl^x t^r^J-tT, a + x 

[0020] ±» lt s i conm<Dwm(DjEmf£M 

^0 -^nf-ifiV^jg-CfeoT, ffifig^L i a + xMn2-y-d-xM 
y04tl^, Mn©JBSC«*d«4B±"C*-5»ll"C*) 

So wCT% aoffitt, ^t-^Mn^^jf^mv 

A (LiMnz04) <7)L i ©figllfigl'S L i fi&^CD 

fl, 0<a^lT*feS o ^7t, xOBt ^fcT*/l^*Jt 
(LiMn204) C0MnC0{iSi-fi 
B1"S (t4b4»Mnt|lftLfc) Lig^fM^ 

50 -To x^, 0^x<0. 3 3oeHt»*5^t^a4l 
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\,\ x#0. 3 3K±W5i, Rffi<o*fi8, *-fttot> 

<&»ft ««w»*Lfc 9 i-5^r««w*K < ft 

9, H*b<fti\, Mtt, ^t^^filig^y^^yf 

^ A (LiMnzOi) OMnOfillCffiltiNi, F 
e N Co, Cu, C r ^£>S1£&JR;7cfSf-C&5 0 

m/S§r^i"o ytt, M^N i <D 0<y<0. 

ft Si:, ±»©IMBO3fe*<o-5rttttiSi*i<ft0, 
JiL<ft5. dfcfc, d > 0©»*J£*^:fr 

ttHtt* o^d^o. i-e$>So d^o. 
<ft££, Jii6<0»*B<D^«>^rilBtt^i<i<ftD, 
^8f£L<ft£ 0 M^Nif, x = 0 fete, ytd 

(DM&O. 5^y + 2 da*/*!? & 0< fc 5 w 
irtdJ: *9 . M n ©»«f »* 4 H±lCf 6 ^ t ^TS 
3 0 £fc, M^N i T'O < x < 0. 3 3©*^:^ y 
t d coffin 3x + 2y + 4d^l tfjsfc 0 £o,fc 5 

^T*#So ft*5> ±E-»aL i«uMnz-»-d-xMy04 
i:fcft^MnOi«|j:, (7-x-p-y)/(2 
-y-d-x) icj: 9*:<£5c 

[0021] oifjc, n i <onm<omto<D}Emtsmfi* 

[0 0 2 2] |p l eo je*SO»«OjE«iS«irW:, — iSft 
ftM»KYkfto^^fei:ra«o*ife-e-&«-C#S. -f 
ftto*>, JB»tft5U[»<ofb**Sr, RffMi-^ia^L i 
anMn2-y-d- x My04(7)L i tMn t fcMM<D%KtflMZ 

MMT'fo§(7)T\ a = 1 (Dm.J&-?^f&-tZ> 0 WMt 
fb^/fcX^b^^tf^ k-MnOOH, KB£ 

#lirLT, ~^/u<a»fb«K *K{b«K tfifbfe, 5BK 
r, Fe N Co, Cu$Tfc^A|;^ -tftfetf^ K 

[0 0 2 3] Sfc, Li tMnijc*M«)5*>02a± 

[0024] W»<o»-&©xstlnJft«faoxs 
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ft, auRfta*frtt, xSwt^asftjfcftsraft-c* 
6 0 tfcft^is, »«M0faxa«:ii9iK"rtiaxa^ 

l, »»©*p|R*ai^v^B»ti-5ift*itfci"Sx 

[0025] i«niaftaxaf-*3*t6anftta*tt, jbi^s 

W»t L<ttxao«ft^J: 0»aft»flt* s »ftS*s, 
400 — 1100 < Ccoj6fflT**DlR^S^rtT 9 r t 

/cTcU *Qf&&3SXa^ft< t h— *ft*W 

[0 0 2 6] O^:, » 1 (73Htfe<75Jgj8^jEffiS«K«C 

S*K**triESl ir^ML i 4rfllv\fciUS2 <h-tr/N"u 
-^3^1t\ Cti^^ir^u— ^ 3. *ffi2, ir^ 
iEffil, •fe^i/-^3^IIH8liLtv^o 

fc, ML i SrJBv*fc#J!MS4 t>m«?S$5 ^^^^tLT 

[0 0 2 7] RRtftoiEffiili, 9«-LTf^® 
L/c 0 *1\ *l©liJSSO?gffic0iEffiffift«8 511% 

•y^btr^y f^N-^f;nfp y KyicSUfS^s 

[0 0 2 8 ] ir^N°u- ^ 3tt, m$2 5 »m<D'#k^?Ltf= 
*s#aEi-*BBi«, ir^w— ^ 3 ^Lt^2 t^J-r^i" 

^LfcJSJKlw, L i PFefcl^/u/y s> HMBSiMp 

[0 0 2 9] ;ot5i**©WRifti:, Sliffii/ 
-hO. 2C (5«fIH*) T5. lV^t'$m 5. 
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5. 1 V£)£@te5£SI£rfTl/\ ttll^-hO. 
2 CtlS^SWfEKJ: t) 3 . 5VlttiSM^f5^ 

E«i ©jEffifiMMCi LT«SE-t-S*Jlll«2«DiES?S* 

[0030] H2^b J: 9 «w % » i coHJS^jgffi 
o]E«iS*Ktt, aml i K»-e4. 5vw±^ii 

fit, i"*t>*i5 Vtt«*Sr»aUTlr^ 0 £Ac, 4Vft 

t), JP51<0**OJBtt<OiE«iS*IH4, 

^IL i»T'4. 5V^±C0 :>T£o& - ^fltfS-e 

/Ctbfi£, g]2G0j; 0\£fam%— y±C0 3. 5ttt*L4. 

4 v#jfi^SEft#.dsaqSELftu^4:*r*i*+5 0 itmt 

*ff»*cttaasojttt« 2 coi&fsstMrsriEffi 1 co 

f-^-To B3^e>b* s 5 J: 9 »-> 3»:m.*— ^_hcD3. 5 
&l^L4. 4 VO|in*-IEft^ff«EL. ScSSffitfctt:, 
4. 5Vf+i£i:3. 9V#i£©2iil:»SLTV^ 0 

[0031] w**a*tt^w-e*>s*s, is lco 

^*S<&Jgffi<E>_bfS*&/£L i a + xMn2-y-d-xMy04T*fco 
T\ M n (DMW 4 W±(D«T'$) o T ^ , 
titt&4. SV^JLcO :>GW£fcfei% 4. 5VJ^± 

i*fc*>S«» ^rcoj: 3&£jE(KH:, Mn 60fl23;ti&8fcj&s 4 J£A_b 
tfcott, ^B£<P4&«1^mtf n<&Bffi£4ffi£1--5 

fc#-?&5£Jt«!l$;h,5 0 iot, rcom^(c{i N Mn 

!|-C*5 0 ZtlhcOZ k&9* m2<DX 5\C&mL i £ 

[0 0 3 2] ^Jteo^ffiOjEffiffifeWfi, m 2 (75 J: 5 

(B) t, jtMtkBfrh 3. SViWMfi (A) 
dr (VktB/A(omt IT, 0. 9«±i:l^5iB^«[Sr» 
£ Zt&'timX'foZo 4fc v *HSfiO^I8ojEffig«i|f 
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«\ Hsa^c(cJ:oTtt, JbfB5te«t^*B^»fe 0. 2C*H^co 
««KJ-J:S^fl:«6*k«-e»«S^»-fr0 4. 2V$t 
60»«S*ds, iEffiSfWK^fiSfcyt 9 115mAh/ 
g CLb fc ^ 5 * # 4« 4:» 6 n fc ^ pfUB-efc § „ 
[0 0 3 3] ^CT*«&m^4^^^fcfe^jfi*@mSE4: 
0. 2Cffi3i«:tL"C^£OM:, ttlSU^fttft 

^ic (^ftittltiffl «±©ffi«-efct)', 
ftm^O. 2C («^tt«tt!B4-e5i»IB) EAT-Ctt-t 
co^flsfi/hSv^ -ten?, ^ WlMMM.^^^ <5 

coir, o. 2 cn^tm^Lx^^ 0 &*s, 

xttttJh«tt«rft< l> *rai*j±*is*ft<-rsi: % & 

20 [0 0 3 4] <£*5, *jt*©3f$l8^:E«JS»ifO±CJft 

g/cm 2 £X_k2 5mg/cm 2 J^Ti:fei:9l:t6 0 
4*?S^2. 3g/cmH;J:3. 0g/cmHm4^ 

Il**P$ri:^5 0 roWRiE«*:fflv>r, Hi 
^fc3«S;<0KKk«»Srf^«i--5 0 mfl?«fi, 
7 OcofiJ^T^^L^^^, LiPFe^lWy 
[0 0 3 5 ] c <ottK«ttSrjE4ES«K l g fcfc 5 2 5 

50 fc«Pjft-C3S5*tr*T+«. roBfjEojEMffifctt, IE 
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fc, ^SWJi05iEiagSffi4-e3cfl:i-sc: ill mfi?#£<o 

4. 8V^5)0. 2 V*»a*T*««fi[ 

Srifi5«)fc3c«S:fft\ *«{ta*b&KL i »-C3. 5 

VfC88tf 0. 2C c«±*m«i8*-e5»iBT?tt 
m) mj^r^m^^, ft@^*£«'j^-t-5 0 ^ii^i: 

f 1 g SIIfi4. 9VT-12 0 

mAh/g, 5. 0VT122mAh/gTtot 
4. 9V^+MSiSfit^S^ffi-e^, 4. 9 V 

7e ^/c^^^jT^mfi^ xumm^^m u o. 2 c 
co«rmmsE<ttT-^mL i mms. sv^Tftt^^ 

itB/AfcJ:tfjE«B*|f<OK*fcfci9 0tt«aE**ra 
[0 0 3 6] fc*s, ^mmStffifi, 0. 2C89«-c*>ix 

'hS<t5*M 3 EHi if* *> ig U fellftl^lS 

[ 0 0 3 7] (12 <D^M(DKm) 0§1:, *mW<Dm 

[0 0 3 8] _hi>E Lfe» 1 <aHlfe<Pfl2teT*tt:, * t e ^/b 
fllaS^^^VBty (LiMn204) CDMnCD— gtf 

»l»T*tt, ^f+^flHt-^^^f^Hy (LiMn 
2 04) <DMnO— 8BSr51»A:«7c**J:jt«rt-Si: 1 1> 

MnOj3iJ©-aSrMn <fc »9 fcJR-T-iBO/hSl^^^ 
> (jEOS^flfi^TC*) tlftt^wiia^ Mn<D 
Sr 4 J^_h L fc lESSWIf t? *> 6 □ 

[0039] i-t£t>% y m 2 <nmm(DMM<ojEmftyow 

CO^^C^r— tifc£:T~7jk-f t y L i a + xMll2-x-y-i-j-kMy 

Ml iM2jM3k04i:«tr k&X'g Z> 0 fcfcU M 

m-commcDwmtmm^N i ^ Fe, co, c 

u, C r *<Z>aH£^JR5c*-Cfc9 , ^(C, N i XhZZ 
k&miZL\i\ Ml(j:2ffiO*ft^ M2te3<ffficD;*7 
^■^^-CfcSo M 1 2 tt'>4< i: t-*Srf^^ 

0^oTtt464^, <fcoT, i + j >0T'fc^ ^ 
fc, Ml, M2tt-ttHr**t, 2««KJ:05c*-e*>o-C 
&J:i\, M3^4{ffi0^7^^->T ; fo^ 0 M3fi, Mn<£> 
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Ml, M2©»jSt<0^tofcl^, Mn(^)MK4 

M3 «r**ttt\lfij* (k = 0) Ct6r t fcfc^A/^T 
ffiT'fcSo *fcs MS^^rtiaoT, rojE.fiifS 
Sf<o^gg I- # 5 ^ 5 ftfejxsnfcj&sfc 

^F&(0&%£t ^%ltLT^r^i-^> 0 *fc, JrfB-^ 
Ktt^LTUfcV^ Mn^I^f6^tLt, 5 fffi 

L t>M£ b< ttftlt^S* M, Ml, M2i<D^fefeV^T 

Mn ©»5*;«*«: 4 ^ t as-c£ih,tf asjp-t-a 

[0040] Ml, M2, M3 CDxiSfcOffigttt, * t°* 
Mn&^ls-tf^mV^VJ* (LiMn20i) (DMnkW: 

ottil^ M£L<teNi, Cu N Zn, Mg, C 
o , C r , F e , B, A 1 , G a , In, V, T i , S 
20 i, G e^J;t^Sn^fe*S»^ib«tftbfcfc^-Cfe^ 

ft, Ni, Cu, Zn, Mg^feltfnfclSKiOx 

fl, Co, Cr, Fe, B, Al, Ga, In, V/$>b 

»tfnfci«ajb©7c*-e*>«ii:^H*L<, M3 

ft, Ti, Si, Ge, Snd^Stfixfc laWJiOTC 

[0 0 4 1 ] att, IBl©jiafc©««fcB!«^, 

30 fbi"SL ifflM^LfctOtfc^ 0<a^lT*fo 
3 0 5ESS*|t©4DJ!)!lftJ*"Ctt, a = ltfc5 e 4fc, 

xtt, mKDmmmmkmm^, Mn^i^itL i 

i^^L i ©M^/Tto 
[0 0 4 2] *2^SlitO#jBOiE«S»ftL i a + x M 
n2-x- y -i- j-kMyM 1 iM2jM3k04^r^6V^T, M^N 
3 x + 2 y + 2 i + j ^ 1 &ffitci-£ b 
^x, y , i , ) <Dm&mt-fZ>Z klC^y) ^ MnOi 

^0 5 t- i + j >0-ei)9, k^OtfeS, 

[0 0 4 3] i, j, k©«±, ±E*#*r»fc 

^HfW^IMlBttfti^s, -^»&ixfciEai» 

ftyf&5Ml CON i Co^TIt -tcofijftittO. 
6 6HTT*fc5^i:iSaSU> 0 Hi:<Ml©Cu 1 Z 
n, MgCo^TIt ^C0|afi5cilt0. 5I^TT?fc>5^ 
ijftsaSL^. *|:, Mgi^ov^TflO. 2^7X^-5 
-t#aSL^, 3tfco^^^-^T'fe^)M2coC o, C 

- r, f eto^m -^^m^ j tti. o'ams: 

50 i:tfS3SLl\, f^C<M2C0Al, Ga, InCo^T 
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-tojftrtj tel. oaTtfc^lir^i^K, <fc 
5a*U<ttO. 2&Tt l *)So |^D<M20V 
fco^TIi, jttO. 6 6EJlTTfc5^tisa 

/c, RC<M2©Bl:o^tlt, *OjBj*j ttO. 1^ 

M 3 COT i (£OV>-Cte, *«>iaj*kH[l . 0^7X^-5 

i:<M3£0Sn^o^T|j:, -ttOj&jEifck t*0 . 6 6 
T?*5Ci:#aSL<, J:9a*L<tt0. 2^TTfc 70 
6 U PU<M3(7DS i , G edol^Tte, -t^iffi. 

ric k K* 0 . 1 etT-CifeS ^ £ #23: LV\, 

[0044] ^fc, & 2 <Dmm<Dmm<DiEmf£Wt>9<D ? 

(x + y+ i + j+k) • 

[0045] £/c N m2(Dmm<Dwm(oiEmmmwL i 

a + X Mn2-x-y-i-j-kMyMliM2jM3k04^, %\<T) 

^{i N L i 8 + xMn2-x-y-i-j-k-dMyMliM2jM3kO 

(y + i + j + k) Offij&M>£ MnWigilS 
£4W_hfd-rs- fc#PTIBfc:fc!K 

^XEitSfi^cO^, M^N i <Ob #Ult*3 x + 2 y + 2 30 

i + j +4 d£ ids*9a:oJ: 5KfM-£>::ifc:j;& % 
v^lSHtt. O^d^O. iTfcSo d^O. lJ:t>fc* 

L<?!£<5 0 fr^S, -KL ia+xMn2-x-y-i'j-k-dMy 

M 1 i M 2 j M 3 K O4 (DM n OKSCilffScli, ( 7 - x - p 
• y - 2 • i - 3 • j - 4 • k ) / (2-y-d-x- 
i-j-k) icj: 9*J()5;t^5o 
[0 0 4 6] IB 2 <D**<0«IB«)jE«S»|ttt, Jg l co 

**©»(Btn«o**-c«ai-a^itf-css. 4 40 

ib\ Cu, Zn, Co, Cr, Fe, B, Al, Ga, 
In, V, Ti, Si, G e , S n ^COM 1 , M2, M 

mtm. mux, mw»t:^5:i#-e*4. 
[0047] tfc, s$ 2 <DnM<oj&m<DjEmt£ya'K<Dtt 

&itn-tzztk££*) % mitDnMcnftmbmm^mm 

[0 0 4 8] Jg 2 O^fficojKffi-cSfltSttSiEffiSftSr 




Ztctb, Mn03lHf^ffiMftiaS4V^li 
^T^5Vftl^ (ilLil$T4. 5V«_h<Z>&« 

[0049] m2<DmM<nmm<osEmf£Vomz^ 
2ctg^^m«tcj:^^m«»m (s±3SMtt«*-e5 

2V^WM-M (B) 3. 5VI 

"C<0»«S* (A) ir^ttB/Acofif £ LT, 0. 9 EX 

nss<75^agojEffie«Ktt, sg i <Dmm<DJtm t mm 

»«T-»«£ 4. 2V*t^Mtt^\ IE 
SgfefOtlfefcD 1 1 5mAh/gW±<lrV^t# 

[0050] ims<nmm<Dmm o?c s »3©m 
ir*rfflv^fc u ^•>^-^mm{-o^TiH4^ffl^raw 

[0 0 5 1 ] 04oyf)Aimit ffitfKiEffil <h 
[0 0 5 2] jE«1 b Ltlt !(SlS3J:Vj|5 2©jjJIS<o 

mm<DiEmmwwbmmtt*b*<Dmmmit#v vvmv 
- y *?^<ommm& t^it^ ufc^at 1 1 kip 

$i-^OI^m> iEffiffl^i HiSftSrm^, W«t 

[0053] Mm2<DMmmyoWb Lta, ^iyf-^ 

lwft*$*t^L i JfAtLOSL i {k*4fc<0»fift«Spr«6 

Sd^^^i/^m®iia(-jo^T^SL i^gi-eo. 1 v 
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[0054] ::m *is»ftLt«fr«lfi 
y 7 $/ft:t^ y f^st^^fAN-^ f/wt°p y k 

^£15* m<0«ISS:fflt\ ^ y- 

[0 0 5 5] wtt^>^iEffi 1 <b Affi2 ^rBBT^ir^u— 

[0 0 5 6] 4fc, l**i:Lttt, y^^^lg^m«? 

L i C 1 04 x LiCF3S03 x LiPFe, LiB 
F4, LiAsFe^^H — o L < I* 2 ««EJUb * 

X%Z> a #Jx.te\ m^u:/* — 5j?4^— K ^Pt 0 u>-^ 
0. 1 — jy h^fSttSliliSit^,, 4 
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-**-hfclH*«Jfc3 0 : 7 OtS^LtSil:, L 
i PFs«r1-=e;u/y h/^S^iiflf^JSWbfctOSr 

[0057] [14 coy 4 
1 3 t<D|B*cieifttEi 5«rEll-rs 0 rfttefc&^C* 

[0058] %$<onm<Dtem<o})i-vj*z&mmz. 

5 vKloy ^^^ziacmto 5 ^ <bn, ^coy^£A~ 

fflfBfr<a3rCfc5 yf^Alftll^5r<h^tl5o 
^HH, ft 1 ^«tt^»2(^||ite(7)^ffi<7)iEfiiffi«lK^*5 

#mmK j $ftm&ME\f&<oisiKm&tti* s£*^>l i c o 

02^L i N i 02*>5t^«:L i Mn 2 04 £; ]El^?§#3fC <b 

[0 0 5 9] 0 3<DHi£cDfl2iScoy f!?Alftt)6^t3 
i^T. «?fe*coiEffil WlKSttt, off CO J; 9(-UTS'J^ 
tSrtm*. Si*. LTiE«l 4: BiO 

50 [0 0 6 0] $t tl*(7)E1i 1 COIE^^feert (DM 
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c 4: »Jatra»^+»*i5fc»i:««Srff<>fc 

4lOMn £ LTMn O2 , 3f^)Mn £ LtliMnzO 
3Srffll/^o lEffil OjEfE^feg(7DMnGD2 h 

w>^-c#s o :^|Jf|j:, wflMtoiEffi l Coi ^ 
tC4it^^:i: £*Bf- 5;i#Tl5. 

[0061] St, iEffii ic-a-tna*«»j3asift*tttc: 

ra uiES 1 L.tz±u<DiEmmmm t wmm t <d 
[0062] tfc, v^v^-?kmmzm\<^thx^z> 

[0 0 6 3] JBl*5it/JB2©3lliiO«|80jE«g*|t 
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^(OS*<!:^5iaj*Sli, LiM2 04t'ffl^ 

L i irBJIBMi:^ 5*^^^**16- fcfcft 
So J: or, »fig^*fS:tT9-^-e> jE«Jg«K>fo5-*- 

L i M2O4OL i fcMfc«0 fc fclc, lEffi 

LiM2-d04t4t) (f:t'l, dlt*f^>(O^SiSr 

. Wifi^L i M2 04^ftfiS;aojEffig^KJ: 9 

^fflJ«S:L i M2 CM k LTSffiL^Mn^affi 

[0 0 6 4] IEffiS4fc«*<Z5;fr^*v<7>tt;f± s £AT<^£ 

^Ftt»5E*POlfi»^jEffi 

So 

JO [0 0 6 5] mSlF f SO^(7)iES^S^O^rt>> 
Wt-tt, tt*a>biEffi£Bt0ttlU N-^f/Ufuy K 

*«tt*S*5. ^LT. jEffitc^*nS*«9J^B!S 

t6o tctzLs «»4>"Ctt*«^J: D jEffig#jS(DL i 
Wttfl^To J: 5 ft^telwJ: 5 iEfttgfcf ^ L i i 

*trfflv^T, IEffiSras>i*:tS^}T't,a<o U IE 
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i&X'hZWi^a*, N-^f/Ut'Dy K^7tF>§ 

^comiu£$j^u lEfieome:^ 3. 7 vj£Uz-c£>6*§ 

0. 5mA/cm 2 (DMI»lt*3. 
^T^m^^, 3. 5V(^itL^:^3. 5VT'MM 

hL3. 7 VU_tXtbtlt£, 3. 5V^^L3. 7V(D 

[oo6 6] ^fc. ^3(o^^^coy 

T^<5fc#>, ^mVtm^hO . 2 C^^^f!^^^ 
(S±»t««*-C5I*|IB) SrtTofc*^ 

(B) 3lE«ttlB^b3. 5VS"COtt««i (A) 
^coitB/AGDfft LT N 0. 9 «± t ^ 5 B5VMB&» 

J: 5 ^m^m-C^m £ -frfcS'&O 4 . 2VJtO» 
m^*^, aE*S4Mf*>MM>fc<9 1 1 5mAh/g^ 

yf ^Az^tiit st»^o. 2ctta<os« 
*w J: & ^MWt^l £ -frfcft^O 4 . 2V^W8c 
m^ft^, jEffi^J<7)fi*fc^:!9 1 1 0mAh/gj£JLh 
i:V^5*:*>5c«*r#Swi:d*^rt6-C«>*. iEffifr»J<Dtt 

[0 0 6 7] «*rt<OjE«l^oVxT, -bfBJfcB/AfcJ: 
IE«SrB[Dai-rtfc:J:9jBJ3ei-Sw4:ds-C#S. aft 

RSWc^ftl, jEtt-&»J*ia5Bt*fliSix*:t>0-e 

mmxit b / a sraute l £ ^ t m c 3 SiCoKKtt?i!i 
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SrffcKU mffilzMfeZfto^ k&XZZ> Q 
fttWb**^Sr»*U KKES^MtrflilB^ 

h 51 < n i: -C«»jEffif-*5 tt 5 jEffi*»JS4S:*o 5 ^ ir 

[0 0 6 8] (ft 4 OlgJfi^lB) o ft 4 <£>Hi& 

5 0 1 SriRS-tSS*5 0 5 ^, Sts 5 0 5rt<?D#«?fe 
5 0 1 tCO^TS:?0imj3E^ffi-r^®H^ffigP5 0 2 

5«atsywai5 o 3 mjz&m&s 0 2 ^asfe*y»a5 
503 fc«£«^ 5 0 4 t^wi-^o §ts 

5 0 5 left, ifcSLfcSttlS 0 1 £fi^£g^i-£fc^ 

mra&mg&s 0 2*5<tt/«at»j»aiJ5 0 3 kmm^m 

[0 0 6 9] 5£SB#K.:k^-a;i:, fi^gfl 5 0 4 te, ftffi 

S5 0 2 tmm istc&mM 5 0 1 <omf£&, ^^mia & 

ffi^^f J: 5 t-««tfty»8U 5 0 3 Kfg^U ^®^rtT 
5o ^355 0 4^, 3£«tCj:oT«J&5 0 1 <D 

«JE*WB*««flE»c»Lfc^4:*«flE|ftm»5 0 2O 
W*^e>«*Pbfe»-fr^ji % t«B8»5 0 3i:}|^L 

t^©a5 o i icspj-r5*«m«^tt»*:*wr*-&, 
30 ^m^t-fi, 5 0 4H 501 omEE^m 

5 KflEffiffffi 5 0 3 Idft^i-S. 

[0070] *jii(t<o»«©y^^A-ft«}t^^a- 
/u-fi, &mttm*miR'i-ZZ.k\z.J: *) 4. s vj^Jbo 

^mmii & h 5 ft 3 <£> mm<D%m cov^^^-^m 

4 VSS^iEffi?g*KS:ffll^4 V«?fe^*5V>"Ctt, ii 
*«S/E^4 VJ; «9^biS^M. 2 Vltra^^ 

50 Ho. 5Vis<K^sn5o^ii0S-efe§^^, t^5K 
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<0 4V**^*5Jt-5fik«KfimEEtt3. 5VgS#±l» 

i--5^i:^T'#So *fc* t)fe5 0l(7)*JS^>ft^fc 
HJ£^ffi£& 5 0 2 , t8MM5 0 3. fi§£-gfl5 0 

[0071] *%tt<aj£ffi0> y f^ifti^ 
m3(ommcomm<D]j ^tJ*z.fcmm.&m\<^x\<^2> 0 l 

tg^as 5 0 4 osj»fiS«-cfo t> , ^liE^HE 

[0 0 7 2] &*a\ tEttttlfl5 0 2^ttittK(j: l 
0. 1 V^TcomEE^^^r^-r^C £#M£L<, $ 

[0073] ^ ~ x-m 4 (DnMcommn vrvu* - &m 

S-CfcD, 4 0*(^yf -)A3fi5 0 1 ^1 0$f 
o4^J*r/^b-<TilX.Si-^ 0 §S6 0 5(7)il@{cfj:, ft 

Sffloi^p 6 o 4^t^(t^tbTi/^ 0 y^^A~^m 

$2mm(Oifi?rffi^fc e ffltRH IKS"** 5 0 1 
IE«i»-^ A«*g-7- 1 £ in t»Wf -5 J: 9 KSJB 6 
0 5i:iS$ilT^So ^6 0 51^1^ 

»501 SrttJH&ffigBS 0 2 *5cttr««K*iJWffl5 5 0 31: 

EElfcttSffi 5 0 2. mffi»J»fflS 5 0 3. fg^£fl 5 0 411 

[0074] g3 (Dmm<DBm(D v^-r? ^-fcmm^m 
4 <7)HiftcofiMio y ^^^n^m^^^— /wi mm 

^/s^r/v— ¥\ SttJttMS, rf^yh-* 

(Sftiei«S) . ^VT^-^t/K gl^t 0 -$i, 

MffiftfeflL ^y-*-K, « 

co#it8t*ai»^*>^6ns 0 -tote, 



25 

[0 0 7 5] (#5<Ol!*B«tK) II5 5<Olljft<DJB«& 

tell 1 0 0^^L3 0 0Va&-ll±^±ff5I<blc 
[0 0 7 6] ;W4, 

*w£ass*Lv\, »4^ntE<D^8s^y^^^-^m 
[0077] m.^&mm&mm-r&mmmte, mmmm 

50 [0 0 7 8] Sfc, l4^It9il^ZSlft^v ; a 




27 

SI<l:^tJS 0 "^.fltrfe^ei^^-— yu^fflt^ltAS 0 

- % Wai-fiJffi i" 6 tf> , BiJife|RjlUfcE*i(*^SI«; 
^«^(£5J: 5»^t^w^*sa*Uv^, «ft«K$r 

[0079] M^y^ Ka<o««;a«i*:<D*ff»ft* 

7 14 <Dmm$& 7 11 fcLtt, 7 0 3^ Ltl 

»«7 0 2 txy^y7 0 1 36saaKStLfc*H7 1 0^ 
il^^tLTl>5o £fc, ti7 15,71 6CD^tfii$67 

1 2tCttj»a^e= ^7 0 6^S"9 WltibttTV>S 0 mft 

S70 2 i:ii!4 wiloii^zsii^ ,u7 

07^y/W 70 8^Lt*«Sll, 
**-s«*-c*So :O»*7 0 2lt Ilii: 

LTfcltffU n&m^v^ — ;l/7 0 7^11*4:134: 
i-5:i£flS"C#5 u ~ykMftL^t?^—/u7 0 7 kite, 
5^a.-7HH«att7 0 5*SffiR£*L, »f^SrW»Six 
3. -^^3.— /U$iJW|pIK7 0 5^J;^xyv/y7 0 1 
tt, ■b*»JWS»7 0 4<DjR|»t^J:?l«l^i-S. ft* SI 
fSleIK7 0 4Ktt % SIS^--^ — 7 0 6*3j;tfT?ir/u 

7 o 9oa*a4A**jx*. 

[0 0 8 0] fMc««d»6>»51i-si:*^H, i&*ftj» 

13125 7 0 4&T?-t/\s7 0 9^^^^^^^ — ^— 7 0 

a— /HM«liaB7 0 5Cill]||7 0 2(Dfel^f 
6 Q ^i^n— ^SJf9lHlK7 0 5tt\ 

7 0 7^^,KI(?)i^^^t, ^y/<-^ 7 0 8^ 
-K*r3£flEfkLT«»*7 0 2^«t5 0 «ft» 7 0 

2 0BlAtt, X%ttt1ft7 0 3^LTt«7 1 0 -HEft 

8713, 7 i 4^In3te1-^ e BMISHHB7 0 
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4ii % 11^=^-7 0 6 3 0km/ 

{f-§-£3£9, xy^>7 0lS:»»Sii:5 o m>'i?^7 
Ol^ft «Ii7 0 3{:J:!)l«7 0 2^P) 

<D$hti k&&£frxmm7 1 o-- teases. «i**j 

ffl)[3&g 7 0 4 te, T ^ir;U7 0 9 ^BS^ii^.*^ t 
^^-7 0 6©ttlAlcS-J^t, m»rfg£7 0 2<7)£B* 
S:«iaEi-5«*Srf^ricL, ^e^a-^iWWEIB 7 0 5 \z 

ffiw^o i e^=.—yHBnmaB7 o 5nz.tDm%-KLtz 

J0 ^ot, ZLftaa*^*— /W 0 7 60ffi*m*Sr^S-t" 
[0 0 8 1 ] ttJgBfdte, tB»»7 0 2 

^LT®jf^br, «l#7 l 0©Bfii: £9 

[0082] g4(?)iisoii(7)i»ci«i^^a 

20 ftl^^^-/KD2o^»M^t^ltgltlr« 
— *tS^^=L--^WcJ;o"C«tbttSSrfESbU, «SCgft 

[0 0 8 3] mftfttt««ttH& LTte, SBSffili^B 
30 ff^co^m^.^^^<5^ fc*SH*Ul\ ^fc, ft«M» 

T? g£S i Rjc£ S * X M * * # 5 fc S: ffl ^ -5 C fc ^ 

40 [0 0 8 4] wO£5ft««aft*fl!)*fl:«jttS|*ojB 
^8^wOV^Tlll8 S:ffiv^•CKWi-So HI 7^m^Sl!j*:<t 

5 0 Hl8^mMgit)*:^, HI7ommSSt]*:i:^/ c f:5a 
^11, -fti^^a- /i^7 0 7 irtt^JKiHfc&ttft-V 
»8 0lSrMU lli7 0 2|:ZS|j|^i?a-;l/ 

707 tmi^mmnm.ms o 1 ©3K*^b«*^«»-t' 
^^a-efc^o i»iwi»8 o i 

50 mmnmms o 1 #MB**bffi«srBt9atf^^ 
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8 0 3 tK»tfettrv^ 0 

[oo85] $mmM 8 o hi, i o ^wi*** 

^^-/U$WIrI&§7 0 5 C^LTZM^^n- 
/l/7 0 7^ibI^^ili7 0 2CM$t, m^i® 

a-;U7 0 7 l^tfltieStL, 311^^a-;U7 0 7 
[ 0 0 8 6] _bii!i Lt^ti: 9 Id, M 4 <DMM<DttM<0 
S^fctfTta. *40^^SgcOZl*S?lll^-> ? ^- 

[ 0 0 8 7] 

[0088] mmm 1 ) *-r, ussm i t uit «j 

M&f&L iMm.47N io. 5040^ f ^;u»5S(^iEaifi& 

[ 0 0 8 9] ^#>L i 2 COa tlllfZg|fk-7>#>^N 
i (OH) 2k&n£ 9cb"r6LiMni.47Ni0.5O4 
COL i tMn i COJtir^^J: 5ffltt„ O^i^, 

KiSSstffi'&Lfco :Hb^W^T*6 0 0 
°CT1 2l*M*DjR«!aL, ^*tTK*#fflM*"C8 0 0 

ufca, st«#iam^T*8 o ox:vi 2mmm&m 

L % ;* f */i48j£Tffljs£# L i M n i . 47 N i o. 5 04 <7>1g 

[0 0 9 0] C^HWjl^MjSL iMni.47N i 

?JC4. 0 8T*&9, 4«±i^3*#*i»fcL-CV* 

[ 0 0 9 1 ] *7b, :K£>Hffi0(l 1 <OIEffiEH*KL i Mn 
1.47N io.5 04(:o^t > Si toH5S^agT*^L7t 
a9<0*ft"C, KBUEffiSrffeHL* 0li:0a©8»S 

^»atSkttT«[«S-frfc4B^4 . 2V^W»tSi 
SrMJtLfc. jE«e««<0a*fcfc 5 12 2 




30 

Km (^tt«tt»*T5«PWJ) Srfrofc4§£^ 
tt»A»&4ILi«*t4. 2V*T<0ft«#* (B) 

^®«fi§7i^3. SViTOMSt (A) £(DJfc 
B/A©«a36Lti:^ 0. 9 5tV^I5^ttS: 

[0092] (Htfi«y2) oaric, Hifcm i tx, «o 

jffll&J&L i Mm. 4N i o. 6 C ro. i 04 CD fc 6 ^/Mf ^<7) 
70 jE«e*K*:»itUfc D 

[0 0 9 3] ^46 L i 2C03^ffi«ft^^^^N 
i (OH) 2 k C r 2 03 &#<k 5 £1~£L i Mm. 4N i 
o.5Cro.t04CDL i <bMn <bN i tCr <DVckt£h£ 
5#*Lfco o^C, 9^ 

8 0 0fC2 ONFBBiDlR^SL, ^f*^«2STffiric;^ 
20 LiMni.4Nio.sCro. i 04<Dlt^^ffc$i£:t#7Co 
[0 0 9 4] I^)IiM2(7)5]«L iMni.4Ni 
o.5Cro.i04 0iES?&^e^Mn(D^ffl5^, 0 9 

[0 0 9 5] ^C0H»fl»j2(^IEffifS«FRL i Mn 

1.4N io.se ro.i04eo^-c, m i <DmM(D]&mx*m 

9!L7t«!9<0#8fc-C, 4. 2V^T(7)jftlft^if L 
tikZZ. m9<D£ 5 KIEttfifMt^MAfc 0 119 
mAh/g fcv^*S4<t4r#-5i ^st§fc e 

(B) fc, 3. 5V^T^itf 

(A) £<ajfcB/AOtt£ri»^Lfc£ r ^ 0. 9 3 <b 

i * 5 MKSr#* ^ £ #-e* fc 0 
[0 0 9 6 ] (HJS09 3) ore. Hfi5#J3 k LT> SJ 

ffl»#L i Mm. 4N i o. 5 F eo. 1 04 <£> ^ f^^ifi© 

[0 0 9 7] MLi2C03i fitf "BKfc^ k N 

i (OH) 2tFe2 03Sr#J:5fct5L iMni.4Ni 
o.5Feo.i04CDL i ^MntNi kF e <DVck*£Z>& 

Ni (OH) 2 i:F e2 03^S^^— /i^/HcJ; VMM. 

Sftf "CI lOOttl 0«FBJDB«aL7t. ^D^^LH 
r#fc*j«»*«»L*:t<DJc:, W*LTJ3V^fcL i2 
C 03 LUffia ^/K— ;u ^ /Kc J: 19 ^^7? 1 B#^1 

#S^*T8 0 0 < CT?2 OWbWML, 
agTfifiR^L i Mm. 4N io.sFeo.i O a <D&&Wtfc(fo 

JO [0 0 9 8] w^Jfi«3^)«Jfflffl^L i Mm. 4N i 
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o.sF eo. i 04C5iEffifS«lWOMnOJgS;flitttt % ID 9 

[0 0 9 9] w^*jBt«3 0iE«S*KL iMn 

1.4N io.sF eo. i04llo^t, £ 1 &'MW.<DWmxm. 

MLfciit)^*"fe"C, 4. 2 v^-ecojAm^asrSi^L 
/cirr5> E19^)J:5l-iEffi?gfeiS^Sfi^fc:^ 1 2 5 
mAh/gti^5*#ft«[Sr»5wi:ds-e*fc 0 *fc, 

Jtttt«^&4iLiIflitf4. 2VHU<Dtk 
W&± (B) fc, 36«ttlB*»b3. 5VJwSlti 
(A) fcOJtB/AOtfSrjBeLfcfc^i, 0. 9 3 £ 

[0 10 0] (»K&0ij4) ofi:, H^^J4 at, 10 
3$£&/j£L i Mm . 48 N i o. 5 Bo. 02 Oa(D^ fc^wUfpfi^GQ 
lEffi&ttKfcSUfkb*;. 

[0101] ^M>L i2C03tmm~Mit^^tf^tN 

i (OH) 2 £ B2O3 9 L i Mm. 48 N i 

0. 5 Bo. 02 04 COL i tMnfcNi > B cOtfc 1 1££> £ oW 
ftLT£>< 0 o?C, W*bfctt»:ZBS{fc^>#:^N 

i (OH) zk&M*b#— /u^M-J: 9M-ei«FBB3i 

1 0 otti oa^MipjRaifSLAco JnJRWflfas-eWfcafe* 

tl^5WL/ct(7)^ x fftLTfc^fcL i 2 CO3 £ B2 
O3 t ?riSAL, »Sa^#- ^^/UT*^T*lfl#Pflm 

i t ^ 8 0 0 1 1' 2 0 L , ^tr-*/H»jS 

-Cfidc^L i Mm. 48 N i 0 . 5 Bo. 0 2 O4 <Dfli&&tfcW3$; 

[0 10 2] Z.<nnt&M4<D%]Mm.f£L i Mm.48N i 
0. 5 Bo. 02 O4 ^ESfSM^Mn (D^SiffiS:^, ID 9 ^;I 
^1-J:?ic:4. 0 1T*£>>9, 4J^±t^^ft^l/cL 

[0 10 3] roHK6ffl|4^IEtSJS«l«L i M11 

1.48N i 0. 5 Bo. 02 04(COl>T, % I <DMti&<DJ&t&T't& 

m^tzm*) (Di5mx\ 4. 2 v*-cwtt«»*«rjnj£L 

tctZZs iEffifSftK^a**fc!9 128mAh/gt 

W^&IL i £*PT4. 2VtTOftt§t (B) 
<K 5fc«#t«Sa*t> 3. 5V^T*cOttm^ft (A) irOit 
B/A©ffi£»J^b£:i: r. 5, 0. 9iit>5fitt£»<5 

[0104] (HifctfiJ 5 ) ofH, HiSCT 5 t LT, ft 
fflia/S; L i Mm . 38 N io.sT io.i Cuo.o2 0i(7)7t 4 

[0 10 5] ^£>L i 2CO3 ^m^—^k^V^f^t N 
i (OH) 2iTi02tCuOt^li^t5LiM 
n i . 38 N i o. 5 T io.iCuo.0204CQL i <t Mn t N i 
fcT i fcCui<BJfc£45J:3W*L;fc 0 :oSflf: 

b, ^ t^^^*ift"CffiJ5fc*SL i Mm . 38 N io.sT i o. 1 
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Cuo. 02O4^**»fMfc*r»fc. 

[0 10 6] r©iljffi#j5<0ftJHI&J5fcL iMnusN i 
o.5T io.tCuo. 0 2O4^)iEfii^feS©Mn(^^^;>(ffig: 
ft, E9f^i-J:5^4. 03tfc9, 4J&Lh£^5* 
fl=«r»fcbT^5. 

[0107] $t r(D^te^]5(7)IE^f&feHL i Mn 
i.38Nio.5Tio.iCuo.02 04 tdOV^Ts % 1 <733£ii5 

<Dwmx-mMLitmy)<D^mx\ 4. 2 v 

10 It*) 1 2 7mAh/g fc ^ 5 CL fc * 

tco mmic^ xiM^^ML i 2 

V^-COMSt (B) fc, *«tt«^e>3. 5V*"C 
c^^m^fi (A) fc^itB/AcDfitteSy^bfcfcw^ 

0. 9 3 fcu^ 5 fc 

[0108] (HiS« 6 ) ofi:, mmm e t Lt, ft 

SBffljBfeL i Mm. 5N i o. 5 04 l^*>M$i£G9IEffig > 

[0109] ^#>l i2C03it*riMbTy#yiN 

i (OH) 2tS:^i:5ttSLiMni.5Nio.5 04© 
20 L i fcMn fcN i (DifcfcftSJ 9#fibfc 0 o^C, ft 
ilfctfcSft^y^^fcNi (OH) 2i:*iS^^ 

vtz Q w©a^*4:ffift^-ci i o or-ei onwnanftt 

iltfc^tL i2C03?r^At, Sgif'hstf— 

^^M$#ittt8 o o'er* 2 otiffflmmmm 

U * e*/U«ig"Cfflfifcj&SL i M m . 5 N io.s04<E>« 
30 [0 110] ^©HjS6«6(OftMifi^L iMm.sN i 
51-4. 0 0 4«±fc^5*#«rjRfcbT^ 

So 

[0111] r(0||ifc«6<0]ESe*KL i Mn 

1. sN io.5 04(co^r > m i <Dmmcowmxmwi,tz 
mv<ojjmx\ 4. 2 v*-e©j*m#jtsrjH£bfci: z 

5, IE«B*|t©l:**>fc <9 1 2 OmAh/g <t^5ff 

xh^tz 0 £tz, mm\z. ^6«iRffi^e>&«b h$t 

4. 2V^T-C0^m^4 (B) £ % *«tttts5*fe3. 5 

v-^xcDmm^m (a) t^itB/A^fltsraa^bfet 

0. 8 9t^5f-Cifeo^ 
[0 112] (*tt«7) Ojffc, ^ffi^J7 fc tttt, 
ft^HiS; L ii.04Mm.46N io. 504©^ t°^/Utgig(7) 
jE4BS*St:Siftbfc. 

[0113] ^^L i 2CO3 «bm^— Bg^^^f^irN 
i (OH) 2 t 0 h-tZ) L i 1. 04 Mm . 46 N i o. 5 

04<£L i <tMn tN i CO it ft -5 J; 5#*Lfc Q of 
WibfcH^ZLKib-^^^VtN i (OH) 2 i:^ 

50 ^;rl^L/'c 0 iws^^sf-ci loot-eioNF 
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l Hfflxi?; — >wc J: 6ft£^£fTo 
/c 0 wO»^ttSr»SI»ffl«4i-C8 0 0tt*2 0R»|8Mn 
»1L, * fcT*^«fi"CfiJ5JWSL ii 04Mni.46N i 

[0 114] ^(75^ft^j7cOW^m^L i i.04Mni.4 6 
N i o. 5 04<ajEffiffifeK©Mn<D^*ffiSc«U EI 9 Id ^ 

[0 115] ZO**li«7 0iESS««L i i. 04 

Mm. 46 N i o. 5 O4(£ol Bl ©llfifctoiJ&flS'CRW 
Lfca?)'^*8fe-e, 4. 2 V*T*^ft«^*Srail£bfc 
ZEf^^ffoogAfo*: 1 ? 1 1 3mAh/g <!: 

it4. 2v^-e«tM (b) 

3. 5VtWftlgf (A) ^tf)JtB/A<Dft£$!j^ 
Lyc^d^, 0. 9 0 k V>?tT^ot 0 

[0116] (JtRftl 1 ) ortc, Jtttftl 1 t IT, «D 
fflffljJcL iMnuN i o. 4 04<£>J* h^'Mftif £>IEii& 
^1f£KigLfc 0 

[0 117] ^a6L i 2CO3 -irmftf—^fcS^^^^^N 
i (OH) 2i*S<):5^t5L iM111.6Nio.4O4© 
LitMn^Ni cotfc£:&£«fc 5 #4 L fc e o§1;, 
*L^tt»~BS<k-^>^>-i:N i (OH) 2 > tr»^3« 
- /u ^ J: *9 m.UX 1 ffSMH^ * y -^(:J:5 iSsOg^ 
Lfc 0 ;ro»*ttjSrffi«*-ci 1 ootrn op^PflAnifc 

&3lLfc 0 AP^ST^#/c^^^#Lfc^O|c, # 
fLTiol^L i2C03££IAU ?f*3t'lJ*— 

l , * fc?*juflKs-ci&j«as LiMn1.6Nio.404 o-is 

[0118] ZCDit&M 1 ©SMMffl/fcL i Mni.eN i 
0.4O4©JEfiBS#?K^MnC0^tt^fi, EI 9 1^1" £ 

mmw^^mm 4 jejul t ^ 5 tx^^t\ 

[0 119] w<Olfctt«l 03E«S*RL iMn 

1.6N io.4 04(co^r, m 1 <vmm(Dwmx*m.wLtz 

m^o<Dlj^x\ 4. 2Viwat§i*ill£Utc 

5, 5*ClEffie»|t(om*fcfci9 9 7mAh/ 

L immX4. 2ViWftS^f (B) JcfKfcffi 
^b3. 5 V4T-OSfciaS* (A) «hOJtB/A(OfiE^ 
»5£Lfc£r5 % 0. 7 9 £v*5fltbJM*fe*ifc*»o 

fc. 

[0 12 0] (J£««2) oifjc, tfcK0iJ2 £ LT % #1 
JSIfflfifcL i Mm . 4N i o 2 C r o. 4 04©;* k°^;MU>g(7) 

[0 12 1] ^#>L i2C03^®«?-Kfb^>-^>^N 
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i (OH) zKrzOa 9i:f i Mm. 4N i 

o.2Cro.4 04^L i £Mn<tN i kC rC0tfc£ft5 J; 
5W*Lfc« ori: s clx6*:aii>sR-;u^/Mrj: t>ft 

^m^xs o o'er* 2 o^m^m^mLtzW:, £h 

8 0 0tt'2 OWRIAlflttlL. ^t 0 ^;u«itT'ffl^^ 
L iMnuN io.2C r o. 4 04 ©fS^^{fc^£:f#7t 0 
10 [0 12 2] Z\<Dlt%t&\2<Dmmm.I$.L iMnuN i 
0.2C ro.*OA<D]Elfcf£faK<OMn<DJ&# l fa&ttL s 0 9 

jE«g*W©»a«S 4 «± k ^ 5 jfefr Sr *fc L T 

[0 12 3] w<75.itt5cOT2COjEffiffifeHL iMn 

l.4Nio zCro.404[:oi/^ % SB 
B^LfciitXO^S-C, 4. 2 v*-e©Scs^ftSr'ay^L 
fct:5, H9C0J: 5 »djE«fi*Kw«**>fc 9 9 3 m 

20 b^JRL i S£p-C4. 2V*-CcoSfe«Sft (B ) * 
ttH£Jia»&3. 5VfW»l§I (A) k<D\£B/A 

(nm&mfci'tzkzz, 0. 6 9 k\,^mi,frmbnte 

fro It. 
[0 12 4] 

* r t *-e* 5 0 

30 [01] *3%W<Dm l ©^iS^^fii^IEmS^iStco^ 

t»j5£ L/;^ii{i knmm&k<DM&*7F-r?7Z7 0 

ffl: t £ <5QH« S:^"f ^77 c 

[El 4] *»WoJB3©j|JSo«||oy^i>A-ft«» 

[El 5] **W^S4^||llfi^ffi<75~ft«?&^i>3.— 
40 ^BtS^tyns/^a 

[El 6] *3S^olS4co||fflO®ffi(0-ftKfife^-^ a L — 

[EI 7] *&W(om5<n£M<DmB<D/^-7}) y b*M<D 

[EI 8] 5 W^I^ii^Zftlffi^^a - 

^^EIo 

[EI 9] *»«(03llft«©E«ffi*K<o|ftrt4:Mn©« 
50 [j?&OR«] 

18- 




(19) W 2 0 0 2-6 3 9 0 0 

35 36 
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(20) 
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[HI 7] 

07 



ima] 
ma 



709 



705 

I 




[19] 
B9 









(mAh/e) 


B/A=4^V/3.5V 
§&tfctt) 




LiMni.47 Nios O4 


4.0S 


122 


95 




LiMn.4 Ni D.5OQ.1O4 


4.07 


119 


93 




LJMni.i Nio.3 Feat O4 


4.07 


125 


93 




Li Mn i.4fl Nio^ Bqqz O4 


4.01 


128 


91 




LiMni^g NG 0.6 Tio.iCu odz^a 


4.03 


127 


93 




LiMni5Mi05O4 


4.00 


120 


89 




LIijwMm^6Nlo3 04 
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